Plasmid DNA-based gene transfer with ultrasound and microbubbles.
Gene therapy offers a novel approach for the prevention and treatment of a variety of diseases, but it is not yet a common option in the real world because of various problems. Viral vectors show high efficiency of gene transfer, but they have some problems with toxicity and immunity. On the other hand, plasmid DNA-based gene transfer is very safe, but its efficiency is relatively low. Especially, plasmid DNA gene therapy is used for cardiovascular disease because plasmid DNA transfer is possible for cardiac or skeletal muscle. Clinical angiogenic gene therapy using plasmid DNA gene transfer has been attempted in patients with peripheral artery disease, but a Phase III clinical trial did not show sufficient efficiency. Recently, a Phase III clinical trial of hepatocyte growth factor gene therapy in peripheral artery disease (PAD) showed improvement of ischemic ulcers, but it could not salvage limbs from amputation. In addition, a Phase I/II clinical study of fibroblast growth factor gene therapy in PAD extended amputation-free survival, but it seemed to fail in Phase III. In this situation, we and others have developed plasmid DNA-based gene transfer using ultrasound with microbubbles to enhance its efficiency while maintaining safety. Ultrasound-mediated gene transfer has been reported to augment the gene transfer efficiency and select the target organ using cationic microbubble phospholipids which bind negatively charged DNA. Ultrasound with microbubblesis likely to create new therapeutic options inavariety of diseases.